To evaluate the protective effects of Epigallocatechin gallate (EGCG) against UV irradiation in cultured human retinal pigment epithelial (RPE) cells. Methods: UV irradiation was produced by a UV lamp for 30 seconds with an irradiance of 3.3 mW/cm 2 . After 5 minutes and 1 hour, we administered different concentrations of EGCG (0, 5, 10, 15, 25, 50, 100 uM). The cell count was determined under a microscope using a counting chamber and the cell activity was evaluated by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. Results: The cell count of cultured human RPE cells after UV irradiation was markedly increased in the EGCG administration group, compared with the non-administrated group. The cell activity of the cultured human RPE cells after UV irradiation was markedly increased in the EGCG administration group and was increased in a dose-dependent way as determined by the MTT assay.
Light injury in daily life is caused by several mechanisms, especially short wavelength ultraviolet (UV) light. The ultraviolet region of the electromagnetic spectrum is divided into UVC (200-290 nm), UVB (290-320 nm) and UVA (320-400 nm). 1 Ultraviolet light with wavelengths between 200 nm and 300 nm is absorbed by the cornea, and UV light between 300 nm and 400 nm penetrates the cornea and is absorbed by the lens. This absorption of UV light by the cornea and lens is helpful in protecting the retina. 2, 3 In addition, the retina itself has a defense mechanism. Cataract development increases with age and will reduce the amount of UV radiation to which the retina is exposed because of the opacification of the crystalline lens. However, depletion of the ozone layer in combination with the increases in outdoor recreation and the average span of life may result in an increase in the cumulative lifetime exposure of the retina to UV radiation. 4 Also, the removal of the crystalline lens by cataract surgery may be associated with a substantial increase in the UV radiation that reaches the retina. 5 A xanthophyll pigment in the macula plays the role of decreasing the exposure of photoreceptors and retinal pigment epithelial cells to blue light and ultraviolet light; it, also, inhibits the production of reactive oxygen species (ROS), such as hydrogen peroxide (H2O2), superoxide anion (O2 -), singlet oxygen (   1   O2), and hydroxyl radical (HO   -) . 6, 7 Retinal pigment epithelial cells are protected from noxious and reactive chemicals through the actions of melanin and antioxidants, such as superoxide dismutase (SOD), catalase, glutathione peroxide (GSHPx), and vitamin E. However, retinal pigment epithelial cells may produce a large amount of oxygen radicals because they consume a lot of oxygen. These reactive oxygen species may peroxidize the unsaturated fatty acids in the cell membrane, damaging cellular the protein and DNA and causing oxidative cell injury. An investigation into the effects of ultraviolet light and apoptosis on retinal pigment epithelial cells has been performed, yielding various results. Yu et al. suggested that oxidative injury by UV irradiation is a cause of apoptosis in retinal pigment epithelial cells. 8 Thus, the prospect of UV radiation playing a role in the progression of age-related diseases of the retina, such as age-related macular degeneration (ARMD), becomes a distinct possibility. 9, 10 In addition, the role of lipid peroxidation in retinal damage has been well established. [11] [12] [13] As a related factor of ARMD and glaucoma, the damage due to light was discussed and researched, but it has not been clearly proven. ARMD is a leading cause of blindness in developed countries and will become more of a problem as life expectancy increases. Support for the involvement of oxidative stress in ARMD comes from the finding that daily administration of antioxidant vitamins and/or zinc significantly slows the rate of progression in patients from high-risk atrophic ARMD to neovascular ARMD.
14 As a preventative measure, various attempts are being made to reinforce the eye's defenses against oxidative stress. Clinical epidemiological studies have shown that specific dietary habits are associated with a decreased incidence of advanced ARMD. 15, 16 Specific flavonoids were significantly more effective than either vitamins C or E in protecting human RPE cells from oxidative stress in vitro. 17 Flavonoids belongs to a class of natural biological products that have evolved to protect plants from the oxidative damage induced by chronic exposure to UV light. Flavonoids have many physiological health benefits, including protection from cardiovascular disease and cancer, and most of these beneficial effects are thought to stem from their potent antioxidant and free radical-scavenging properties as well as their abilities to modulate many cellular enzyme functions. 18 Specific flavonoids protected human RPE cells from oxidative-stressinduced death, with efficacies between 80% and 100% and potencies in the high-nanomolar and low-micromolar range. The toxicities of most of the effective flavonoids were low. The effective flavonoids included the dietary flavonoids fisetin, luteolin, quercetin, eriodictyol, baicalein, galangin, EGCG and the synthetic flavonoids (3, 6-dihydroxy flavonol, and 3, 7-dihydroxy flavonol). Several flavonoids can protect RPE cells even when they are added after the cells have been exposed to oxidative stress. The flavonoids acted through an intracellular route to block the accumulation of reactive oxygen species. 17 However, few reports have been published on the protective effects of EGCG after UV irradiation on human retinal pigment epithelium.
The goal of this study was to evaluate the protective effects of Epigallocatechin gallate (EGCG) against UV irradiation in cultured human retinal pigment epithelial (RPE) cells. Five minutes and 1 hour after UV irradiation, we administered different concentration of EGCG (0, 5, 10, 15, 25, 50, 100 uM). Five minutes and 1 hour were chosen for the time of EGCG administration, after considering in vitro experiments of green tea absorption and retinal protective effects of EGCG. Ordinary persons take green tea inside of a building five minutes to 1 hour after UV exposure from the sun. After another 24-hour incubation period, the cell count was checked under microscope using a counting chamber and cell activity was evaluated by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. So the aim of this study is to determine whether EGCG can protect human retinal pigment epithelial cells from UV-induced damage, and to develop a new in vitro model of retinal UV protection using Epigallocatechin gallate (EGCG).
Materials and Methods

Cell culture
The CRL-2302 (ARPE-19) (ATCC, USA) was used for this study. These human retinal pigment epithelial cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM) (Sigma, St Louis, MO, USA), which is composed of 10% fetal bovine serum (FBS), penicillin (100 U/ml), streptomycin (100 u/ml), and nystatin (25 ug/ml). The cell line was maintained in a humidified incubator in an atmosphere of 95% air and 5% CO 2 at 37℃ and the culture medium was changed every 48 hours. The cells were plated in T75 or T150 flasks (Falcon, NJ, USA) and allowed to grow until the cultures were confluent.
Ultraviolet Irradiation
Human retinal pigment epithelial cells were irradiated for 30 seconds with an irradiance of 3.3 mW/cm 2 after removal of serum-free growth medium. UV irradiance was modulated by adjusting lamp output and calibrated with a UV sensor on a UV lamp (FS-20 T12-UVB, National Biological Corp.). The UVB spectrum was between 280 nm and 320 nm with peak irradiance at 312 nm. The total exposure volume of UVB was 18 mJ/cm 2 .
Experimental Protocol and Groups
Human retinal pigment epithelial cells were cultured for 1 day and the experiments were performed on 3 divided groups: the normal control group, which was not exposed to UV light (Group I); the second group, which was exposed to UV light without administration of EGCG (Sigma, St Louis, MO, USA) (Group II); and the third group, which was exposed to UV light with administration of EGCG (Group III). EGCG was dissolved in dimethyl sulfoxide (DMSO) (Sigma, St Louis, MO, USA) and added to the culture medium concomitantly with the TNF-a stimulus. Five minutes and 1 hour after UV irradiation, different concentration of EGCG (5, 10, 15, 25, 50, and 100 μM) were administered to Group III.
Cell count and MTT assay
After 24 hours incubation, the cell count was determined under a microscope using a counting chamber, cell activity was evaluated by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. Briefly, MTT is reduced to purple formazan in the mitochondria of living cells. A solubilizing liquid is added to dissolve the insoluble purple formazan product, forming a colored solution. MTT assay was carried out after using standard protocol. Optical density was measured at 570 nm using a spectrophotometer.
Statistical analysis
To increase the reliability of the data, all experiments were repeated 3 times and the average values were obtained. SPSS for Windows Ver. 10.1 was used to compute routine statistics. The data were analyzed for significance using repeated measures, followed by a Duncan's multiple range test of post hoc tests. The data were expressed as a mean percentage of the control value plus S.E.M. A p-value of <0.05 was considered significant.
Results
Epigallocatechin gallate (EGCG) effectively protected cultured human retinal pigment epithelial (RPE) cells from oxidative-stress-induced cytotoxicity. Compared with the control group, which was not exposed to UV irradiation (Fig.  1A) , exposure to UV irradiation without administration of EGCG showed significant cell loss (Fig. 1B) . Another group to which 100 µM EGCG was administered 5 minutes (Fig.  1C ) and 1 hour (Fig. 1D ) after UV irradiation, experienced an increased cell count compared with that of the control group. The cell count of cultured human RPE cells after UV irradiation was markedly increased in the EGCG administration group, compared with the group that did not receive EGCG (Fig. 2) . There was no significant relationship between the time to administration of EGCG and cell loss (P=0.279). Cell activity of the cultured human RPE cells after UV irradiation was markedly increased with EGCG administration, and it increased in a dose-dependent way, as determined by the MTT assay (Fig. 3) . Within the group recieving EGCG, significant differences were shown between 5 µM (Mean=8.00±3.630) and 10 µM (M=25.83±5.399) and between 10 µM (M=25.83±5.399) and 15 µM (M=58.90 ±4.623) (P<0.001). There were no significant differences between 0 µM (M=0.00±0.000) and 5 µM (M=8.00±3.630) (P=0.260) among 15 µM (M=58.90±4.623), 25 µM (M=61.27±5.206), 50 µM (M=63.30±1.871), and 100 µM (M=68.10±5.229) (P=0.072). In comparison with the group that did not receive EGCG, cell activity was increased by approximately 43.9%, 68.1% respectively in 100 µM of the EGCG administration group. Moreover, post-treatment of RPE cells with EGCG (100 µM) after 1 hour showed significantly reduced cell deaths as a result of UV irradiation. There was a significant relationship between the time to administration of EGCG and cell activity (P=0.001). (A) (B) Fig. 3 . RPE cell activity after UV irradiation. The cell activity of cultured human retinal pigment epithelial (RPE) cells after UV irradiation was markedly increased in the Epigallocatechin gallate (EGCG) administration group and increased in a dose-dependent way. Basis (0) was the group with UV irradiation without administration of EGCG. There was a significant relationship between the time of administration of EGCG and cell activities (P=0.001). A: 5 minutes after UV irradiation, B: 1 hour after UV irradiation.
D iscussion
Increasing interest in the health benefits of tea has led to the inclusion of tea extracts in dietary supplements and functional foods. While tea contains a number of bioactive chemicals, it is particularly rich in catechins. The main catechin group consists of eight polyphenolic flavonoid-type compounds: (+)-catechin (C), (-)-epicatechin (EC), (+)-gallocatechin (GC), (-)-epigallocatechin (EGC), (+)-catechin gallate (CG), (-)-epicatechin gallate (ECG), (+)-gallocatechin gallate (GCG), and (-)-epigallocatechin gallate (EGCG). (-)-Epigallocatechin gallate is the most abundant of the tea catechins and is thought to be responsible for the majority of the green tea extracts's biological activity, such as its anti-cancer and antioxidant properties. 19, 20 Although a number of in vitro and in vivo studies have shown EGCG acts as an antioxidant [21] [22] [23] [24] and an antiapoptotic agent, 25 the actual mechanism of its action as an antioxidant remains unclear. Importantly, total plasma antioxidant activity has been shown to increase following significant intake of green tea 26, 27 in laboratory studies. Moreover, an increase in plasma catalase activity and a decrease in the nitric oxide levels 28 occurred, suggesting that catechins have both direct antioxidant effects and indirect influences on increasing the activity of other antioxidants or enzymes. It has been suggested by Sutherland et al. that catechins like EGCG elicit antioxidant actions in a number of ways. 29 EGCG promotes human keratinocyte survival and inhibits ultraviolet light-induced apoptosis by dual mechanisms, namely by phosphorylating Bad protein through Erk and Akt pathways, respectively, and by increasing the Bcl-2 to Bax ratio. 30 Retinal pigment epithelial cells may produce a large amount of oxygen radicals because they consume a large amount of oxygen. These reactive oxygen species may peroxidize the unsaturated fatty acids in cell membranes, damaging the protein and DNA, thereby causing oxidative cell injury. An investigation about ultraviolet light and apoptosis in retinal pigment epithelial cells has been performed with various methods. Yu et al. suggested the possibility that an oxidative injury by UV irradiation is a cause of apoptosis in retinal pigment epithelial cells. 8 Although research for suppression and protection against apoptosis of retinal pigmented epithelium is continuing, the correct mechanism has not been identified yet. ARMD is a leading cause for blindness in developed countries and will be more of a problem as life expectancy increases. Support for the involvement of oxidative stress in ARMD comes from the finding that daily administration of antioxidant vitamins and/or zinc significantly slowed the rate of progression in patients from high risk atrophic ARMD to neovascular ARMD.
14 A number of age-related pathologies have been attributed to cumulative oxidative damage caused by ROS, such as nitric oxide (NO), hydrogen peroxide (H2O2), singlet oxygen, superoxide anion, and hydroxyl radicals. ROS arise as by-products of cellular metabolism or photochemical reactions. 31, 32 Furthermore, the oxygen supply to the photoreceptors via the choroidal and retinal vessels can cause an elevated oxygen tension in the retinal pigment epithelium and photoreceptors. 33, 34 Moreover, UV radiation can cause damage to DNA, leading to single-strand DNA breaks in the retina. 4, 35 EGCG attenuates the effect of an ischemia/ reperfusion insult to the intact retina, where oxidative stress is implicated, 37 and to neurons in vitro by H 2 O 2 , an oxidant. It is generally thought that oxidative stress plays a part in the pathogenesis of glaucoma, 37, 38 initiated by ischemia to the optic nerve head components, 39, 40 because of a reduced optic nerve head blood supply. 40 EGCG, besides being a powerful antioxidant, 24 also has anti-inflammatory 41, 42 and vasodilator 43 effects; both inflammation and vasoconstriction 36, 44 are strongly suspected of playing a part in the pathogenesis of glaucoma. Moreover, EGCG can intervene in other cellular mechanisms that are relevant to retinal ganglion cell loss in glaucoma, independently from its antioxidant properties. It is known that the oxidative damage to the retinal pigment epithelial cells play an important role in the development of ARMD and glaucoma.
In conclusion, the results of this study have shown that EGCG increases the cell count and cell activity after UV irradiation in cultured human retinal pigment epithelial cells; we can conclude that EGCG provides protective effects against UV damage in cultured human retinal pigment epithelial cells. Although the results show thatEGCG can protect human retinal pigment epithelial cells from UV induced damage, further in vivo and in vitro studies investigating areas such as mitochondrial damage, nucleic acid damage, phagocytotic activity after UV exposure in human retinal pigment epithelial cells will be required.
